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Drosophila PAR-1 and 14-3-3 Inhibit Bazooka/PAR-3
to Establish Complementary Cortical Domains
in Polarized Cells
formation of intercellular junctions. Contact of follicle
cells with the germline is thought to provide the spatial
cue that induces apical domain formation, while the
lateral domain is specified independently, through inter-
actions between adjacent follicle cells (Tanentzapf et
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Although external cues initiate the establishment of
membrane polarities, the stable differentiation of dis-
tinct domains depends upon interactions between corti-Summary
cal proteins. In the primary embryonic epithelium, the
maintenance of BAZ/PAR-6/aPKC complex localizationPAR-1 kinases are required for polarity in diverse cell
requires a second apical complex, composed of thetypes, such as epithelial cells, where they localize lat-
transmembrane protein Crumbs (CRB) and the PDZ do-erally. PAR-1 activity is believed to be transduced by
main proteins Stardust (SDT) and Patj (formerly knownbinding of 14-3-3 proteins to its phosphorylated sub-
as Discs lost) (Bhat et al., 1999; Bachmann et al., 2001;strates, but the relevant targets are unknown. We
Bilder et al., 2003; Hong et al., 2001; Tanentzapf andshow that PAR-1 phosphorylates Bazooka/PAR-3 on
Tepass, 2003). This complex may anchor the BAZ/PAR-two conserved serines to generate 14-3-3 binding
6/aPKC complex to the apical membrane directly, sincesites. This inhibits formation of the Bazooka/PAR-6/
both Pielage et al., 2003 and the mammalian SDT homo-aPKC complex by blocking Bazooka oligomerization
log, Pals1, can bind to PAR-6/mPar6 (Hurd et al., 2003b;and binding to aPKC. In epithelia, this complex local-
Nam and Choi, 2003). Lateral cortical proteins are alsoizes apically and defines the apical membrane,
required to restrict the BAZ/PAR-6/aPKC and CRB/SDT/whereas Bazooka lacking PAR-1 phosphorylation/14-
Patj complexes to the apical domain, although the3-3 binding sites forms ectopic lateral complexes. Lat-
mechanism of this inhibition is unknown (Bilder et al.,eral exclusion by PAR-1/14-3-3 cooperates with apical
2000, 2003; Bilder and Perrimon, 2000; Tanentzapf andanchoring by Crumbs/Stardust to restrict Bazooka lo-
Tepass, 2003). CRB/SDT/Patj and SCRIB/DLG/LGL can-calization, and loss of both pathways disrupts epithe-
not be the only factors that regulate BAZ/PAR-6/aPKClial polarity. PAR-1 also excludes Bazooka from the
complex localization, however, as late-stage embryosposterior of the oocyte, and disruption of this regula-
that lack both can form polarized epithelial cells withtion causes anterior-posterior polarity defects. Thus,
well-defined apical domains (Bilder et al., 2003; Tanent-antagonism of Bazooka by PAR-1/14-3-3 may repre-
zapf and Tepass, 2003). Furthermore, these regulatorysent a general mechanism for establishing comple-
mechanisms appear to be specific to epithelia, whereasmentary cortical domains in polarized cells.
the BAZ/PAR-6/aPKC complex is required to polarize
other cell types, such as neuroblasts (Ohno, 2001).
Introduction
The importance of the formation of mutually exclusive
cortical domains to cell polarization is exemplified in
Cell polarity is usually induced by extrinsic cues, which polarized single-cell systems that lack intercellular junc-
stimulate the localization of proteins to distinct regions tions. During anterior-posterior (A-P) axis formation in
of the cortex. This is essential for the establishment of C. elegans, for example, the anterior and posterior of
other polarities, as the components of these discrete the one cell zygote are defined by the localization of a
domains regulate the localization of intercellular junc- complex of PAR-3 (the BAZ homolog), PAR-6, and PKC-3
tions, direct polarized secretion, and control cytoskele- (aPKC) to the anterior cortex and the RING finger protein
tal organization. PAR-2 and the serine/threonine kinase PAR-1 to a com-
The existence of distinct cortical domains is particu- plementary posterior domain (Rose and Kemphues,
larly evident in epithelial cells. For example, in the Dro- 1998). The mechanisms that define the localization of
sophila follicular epithelium, which surrounds the devel- the PAR-3/PAR-6/PKC-3 complex appear to be distinct
oping germline (Figures 1A–1C), the apical domain is from those in epithelial cells (Lyczak et al., 2002). Before
defined by a complex of the PDZ domain proteins, Ba- fertilization, this complex is uniformly cortically distrib-
zooka (BAZ) and PAR-6 and an atypical protein kinase uted, and its asymmetric localization is induced by
C (aPKC) (Kuchinke et al., 1998; Wodarz et al., 2000; sperm entry, which excludes it from the adjacent cortex
Petronczki and Knoblich, 2001), while the lateral mem- (Cuenca et al., 2003; Goldstein and Hird, 1996). This
brane is defined by Scribble (SCRIB), Discs Large (DLG) permits the accumulation of PAR-2 and PAR-1 in the
and Lethal(2)Giant Larvae (LGL) (Bilder et al., 2000; vacated region, which becomes defined as posterior
Bilder and Perrimon, 2000). Loss of any of these proteins and both of these proteins are required to maintain the
causes severe defects in the establishment of other cor- anterior restriction of PAR-3/PAR-6/PKC-3 (Cuenca et
tical and cytoskeletal apical-basal polarities, and in the al., 2003).
Both the BAZ/PAR-6/aPKC complex and the PAR-1
homolog establish cell polarity in the early Drosophila*Correspondence: ds139@mole.bio.cam.ac.uk
germline by inducing the microtubule-dependent move-1Present address: The Rockefeller University, 1230 York Avenue,
New York, New York 10021. ment of determinants from the anterior to the posterior
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Figure 1. 14-3-3 Proteins Function with PAR-1
in Epithelial Polarization
(A) Schematic of early egg chamber develop-
ment (A: anterior, P: posterior). Follicle cells
are produced in the germarium, at the anterior
of each ovariole, and first contact the base-
ment membrane (gray); this stimulates the
formation of the basal membrane domain in
these cells. Subsequently, they contact
germline cells (blue shading), which induces
apical membrane differentiation, and form an
epithelial monolayer of cuboidal cells that en-
capsulates each cyst. Germline cysts contain
16 cells, comprising 1 posteriorly-positioned
oocyte and 15 nurse cells. Cytoplasmic deter-
minants (green) accumulate within the oo-
cyte, and first concentrate at the anterior of
this cell. As the cyst is surrounded by follicle
cells, these factors translocate to the oocyte
posterior cortex, which is essential for the
stable maintenance of oocyte fate.
(B) Schematic of a mid-stage egg chamber.
The follicle cells have migrated over the oo-
cyte and formed a columnar epithelium.
Within the oocyte, a polarized microtubule
array directs the localization of bcd mRNA
(yellow) to the anterior cortex, and osk mRNA/
STAU (blue) to the posterior pole to define
the A-P body axis.
(C) Summary of the spatial organization of
membrane/cortical domains in follicular epi-
thelial cells.
(D) par-116 follicle cell clone, marked by the
absence of nuclear GFP expression (green),
stained for aPKC (red) and -spectrin
(-SPEC), which marks the entire cell cortex,
(blue). (E) leo12BL clone stained for aPKC (red)
and -SPEC (blue).
(F) leo12BL clone stained for -SPEC (red).
(G) leoP1188 clone, stained for PAR-6 (red).
(H) leoP1375/leoP1188;14-3-3j2B10/ egg chamber
stained for BAZ (green) and -SPEC (red).
(I) leoP1188 clone, stained for PAR-1 (red).
of the presumptive oocyte, which is essential for the pears to be the only requirement for the BAZ/PAR-6/
aPKC complex in the germline (Benton et al., 2002),maintenance of its fate (Figure 1A) (Cox et al., 2001a,
2001b; Huynh et al., 2001a, 2001b). Although this ap- PAR-1 functions a second time, during stages 7–9, when
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an unknown signal from the posterior follicle cells trig- Follicle cell clones of a leo null allele, leo12BL, are recov-
gers the repolarization of the oocyte to define the A-P ered only at low frequency, compared with sibling wild-
body axis (Riechmann and Ephrussi, 2001). The signal type clones, suggesting that many of the mutant cells
induces the formation of a polarized cytoskeletal net- die or are lost from the epithelium. All mutant clones
work, in which microtubules are nucleated along the that do survive show severe morphological defects (Fig-
anterolateral cortex of the oocyte, with their plus ends ures 1E and 1F). Furthermore, the mutant cells lose their
focused on the posterior pole. This array directs the apical-basal polarity, since the apical markers aPKC
localization of bicoid (bcd) mRNA to the anterior of the and H-spectrin (H-SPEC), and the basolateral marker
oocyte and oskar (osk) mRNA and Staufen protein -spectrin (-SPEC), mislocalize around the entire cor-
(STAU) to the posterior (Figure 1B). In par-1 mutants, tex (Figures 1E and 1F and data not shown).
microtubules appear to be nucleated all around the oo- To circumvent the requirement for LEO in cell viability/
cyte cortex, resulting in the ectopic localization of bcd proliferation, we generated clones of a weaker allele,
mRNA to the lateral cortex, and the accumulation of osk leoP1188. Large early leoP1188 clones display dramatic de-
mRNA and STAU with the microtubule plus ends in the fects in tissue organization, forming multilayers of mor-
oocyte center (Shulman et al., 2000; Tomancak et al., phologically abnormal cells that frequently fail to encap-
2000; Benton et al., 2002). PAR-1 is also required for sulate germline cysts properly (Figure 1G). Apical-basal
epithelial polarity in both Drosophila and mammals, and polarity is disrupted in these clones, since apical pro-
localizes along the lateral membrane (Bo¨hm et al., 1997; teins, such as the components of the BAZ/PAR-6/aPKC
Shulman et al., 2000; Cox et al., 2001a; Doerflinger et complex and H-SPEC, localize diffusely around the en-
al., 2003). It is unclear, however, how its function in tire cortex, or form abnormal aggregates (Figure 1G and
epithelia relates to that of other asymmetrically localized data not shown). The localization of these proteins is
cortical proteins. often partially rescued in the mutant cells that contact
We previously showed that the Drosophila 14-3-3 pro- the germline cysts, however, suggesting that these cells
teins, 14-3-3 and 14-3-3/Leonardo (LEO) function as can still respond to germline-dependent apical polariza-
cofactors for PAR-1 in the Drosophila germline (Benton tion cues. Smaller clones of leoP1188 that arise after epi-
et al., 2002). These proteins bind to PAR-1, and 14-3- thelium formation display milder and less penetrant de-
3 and leo mutant combinations produce identical phe- fects in morphology and polarity (70% abnormal, n 
notypes to par-1 mutants in both oocyte determination 30 clones).
and A-P axis formation. 14-3-3 proteins regulate the As in the germline, LEO functions redundantly with
localization and activity of diverse proteins in a phos- 14-3-3 (Benton et al., 2002). Clones of the protein null
phorylation-dependent manner, by binding as dimers to mutation 14-3-3j2B10 show no obvious epithelial pheno-
conserved phosphoserine-containing motifs (Fu et al., types, but this allele exhibits a dominant interaction with
2000). PAR-1 interacts with 14-3-3 proteins through a a homozygous viable combination of leo alleles, leoP1375/
domain that is distinct from the phosphoserine binding leoP1188, that does not cause epithelial defects on its own.
pocket, and can phosphorylate proteins to generate 14- Follicular epithelium morphogenesis appears normal in
3-3 binding sites. This suggests that PAR-1 regulates leoP1375/leoP1188;14-3-3j2B10/ egg chambers up to stage
oocyte polarity by phosphorylating target proteins to 4, but the cells subsequently lose their regular cuboidal
induce 14-3-3 binding, but the relevant substrates have shape, and BAZ, Patj, and Armadillo (a component of
not been identified. the zonula adherens [Mu¨ller and Wieschaus, 1996]) re-
distribute along the lateral and basal membranes (Figure
Results 1H and data not shown).
These results indicate that 14-3-3 proteins are re-
14-3-3 Is Required with PAR-1 for Epithelial quired for epithelial polarity, suggesting that they also
Polarization
function as cofactors of PAR-1 in this tissue. PAR-1 still
To determine whether 14-3-3 also functions with PAR-1
localizes to the cortex in 14-3-3 mutant follicle cells,
in epithelial polarization, we used FLPase/FRT-medi-
however, although it is often distributed uniformly in theated mitotic recombination to compare the phenotypes
cells that are unpolarized (Figure 1I). Thus, as is in theof par-1 and 14-3-3 mutant clones in the Drosophila
germline (Benton et al., 2002), 14-3-3 does not functionfollicular epithelium. This tissue arises from two stem
simply to recruit this kinase to specific subcellular sites.cells on opposite sides of the germarium at the anterior
of each ovariole (Figure 1A). Their offspring surround
Identification of BAZ as a 14-3-3 Binding Proteingermline cysts to form a monolayer of cuboidal epithelial
None of the known PAR-1 substrates that bind 14-3-cells, with their apical membranes facing the germ cells
3—Cdc25, Kinase suppressor of Ras, and Raf (Benton(Figures 1A and 1C). These cells proliferate until about
et al., 2002)—appear to play any role in polarity in thestage 6, when most of them migrate posteriorly to form
ovary (see Experimental Procedures). We therefore tooka columnar epithelium around the oocyte (Figure 1B).
advantage of the fact that 14-3-3 targets can be effi-par-1 null follicle cell clones that are generated before
ciently identified in yeast two-hybrid screens, presum-the formation of the follicular epithelium display severe
ably because endogenous yeast kinases generate thedefects in epithelial organization, and apical-specific
essential phosphoepitopes that are required for 14-3-3proteins, such as aPKC, localize uniformly around the
binding. In a two-hybrid screen of candidate proteinscortex of the mutant cells (Figure 1D). As described
with a known role in cell polarity, we detected a strongpreviously, smaller clones that arise after epithelium for-
association between 14-3-3 and BAZ (Figure 2A).mation show qualitatively similar, but less penetrant de-
fects (Cox et al., 2001a; Doerflinger et al., 2003). The interaction of BAZ with 14-3-3 is not affected by
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Figure 2. Identification of BAZ/PAR-3 as a 14-3-3 Binding Protein
(A) Two-hybrid interaction of BAZ with Drosophila 14-3-3 proteins (DBD: LexA DNA binding domain, AD: VP16 activation domain). Yeast were
streaked on media selecting for expression of the HIS3 reporter gene.
(B) Liquid -galactosidase assays of two-hybrid interactions of BAZ with LEO, 14-3-3, and three point mutant versions of 14-3-3.
(C) Schematic of the subfragments of BAZ used to map the two 14-3-3 binding sites in yeast (/  strong/no growth, respectively, on
plates lacking histidine). The key interaction results that identify the responsible serine epitopes are highlighted in green. Note that fragments
903–1050 and 1329–1464 display weak (/) association with 14-3-3; this is probably nonspecific binding, as the interaction of 14-3-3 with
a C-terminal fragment spanning both of these regions (903–1464) is completely abolished by the S1085A mutation. Within the C-terminal
region of high homology between BAZ and mPar3 (Figure 2D), mutation of S1077, E1087 (a putative phosphoserine mimic), and S1088 do
not affect 14-3-3 binding.
(D) ClustalW alignment of the two 14-3-3 binding sites in BAZ homologs. In C. elegans (C.e.) PAR-3, the N-terminal site is not obviously
conserved, while the C-terminal site was identified only by manual sequence alignment. A.g.: Anopheles gambiae, H.s.: Homo sapiens.
(E) Interactions of in vitro synthesized 35S-Met-labeled wild-type or mutant full-length BAZ with MBP or MBP:14-3-3 protein bound to amylose
beads. The input lanes were loaded with 25% of the labeled BAZ added to each binding assay. Lower panel: after autoradiography, the gel
was stained with Coomassie to visualize the MBP fusion proteins. Similar results were obtained using MBP:LEO (data not shown).
(F) Two-hybrid interactions between C. elegans PAR-5 and wild-type and mutant C-terminal fragments of PAR-3. Yeast were streaked on
media lacking histidine and containing 5 mM 3	-aminotriazole to suppress the weak autoactivation of PAR-3 baits.
(G) Liquid -galactosidase assays of the two-hybrid interactions shown in (F).
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point mutations in 14-3-3 that impair its association
with PAR-1 (F199Y or Y214F), but is completely abol-
ished by mutation of a residue that forms part of the
phosphoserine motif binding pocket (E183K) (Figure 2B)
(Benton et al., 2002). Thus, 14-3-3 is likely to recognize
a phosphoserine-containing motif in BAZ. To map this
epitope, we tested smaller fragments of BAZ by yeast
two-hybrid assays, and identified two independent 14-
3-3 binding sites, which lie near the N and C termini of
the protein, flanking the three PDZ domains (Figure 2C).
These sites were further defined by searching for regions
of homology with mammalian and C. elegans PAR-3 that
contain conserved serines, and then testing whether
these serines are required for 14-3-3 binding by mutating
them to nonphosphorylatable alanine (Figure 2C). We
found that S151 is required for binding to the N-terminal
site, which closely matches the canonical 14-3-3 binding
consensus sequence, RSXpSXP (Figure 2D). The sec-
ond binding site is abolished by mutating S1083, S1084,
or S1085. Although this region does not resemble any
of the well-defined consensus 14-3-3 recognition motifs,
it is similar to the 14-3-3 binding site in an unrelated
protein, PKC
 (Hausser et al., 1999) (Figure 2D). These
interactions were confirmed by incubating in vitro trans-
lated, wild-type BAZ with amylose beads bound with
a bacterially-expressed and purified maltose binding-
protein (MBP):14-3-3 fusion protein. BAZ is precipi-
tated by beads containing this fusion protein, but not
MBP alone, indicating that these proteins interact di-
rectly. Furthermore, a mutant form of full-length BAZ,
in which both of the predicted phosphoserine residues
are mutated to alanine (BAZS151A,S1085A), fails to bind to
MBP:14-3-3, indicating that these are the only 14-3-3
binding sites (Figure 2E).
Both of these motifs are perfectly conserved in mPar3,
indicating that this protein is also likely to bind 14-3-3
(Figure 2D). C. elegans PAR-3 is more divergent, how-
ever, and we therefore used the two-hybrid assay to
determine whether it associates with the C.elegans 14-
3-3 homolog, PAR-5 (Morton et al., 2002). Although we
were unable to detect an interaction of PAR-5 with an
N-terminal fragment of PAR-3 (data not shown), PAR-5
does bind to the PAR-3 C terminus. Deletion and muta-
tional analysis of PAR-3 mapped the phosphoepitope
Figure 3. BAZ Is a Direct Target of PAR-1responsible for the interaction to S950, which lies in a
(A and B) Kinase assays, using -GFP immunoprecipitates fromregion of weak homology to the equivalent site in BAZ/
wild-type or GFP:PAR-1-expressing ovarian extracts incubated withmPar3 (Figures 2D, 2F, and 2G and data not shown).
MBP fusions of wild-type or mutant BAZ N-terminal (A) or C-terminalThus, the ability to bind to 14-3-3 is a conserved property (B) fragments in the presence of 32P-ATP. Lower panels: after autora-
of the BAZ/PAR-3 family. diography, the gels were stained with Coomassie to verify that each
reaction contained equal amounts of substrate.
(C) In vitro kinase assay using purified MBP:PAR-1 (amino acidsBAZ Is a Direct Target of PAR-1
245–521) as a source of kinase and substrates as in (A) and (B).To determine whether Drosophila PAR-1 can phosphor-
ylate the 14-3-3 binding sites in BAZ, we performed
kinase assays, using GFP:PAR-1 immunoprecipitated predictions based upon sequence comparison with
PKC
 (Figure 2D), S1085 is the sole phosphorylationfrom ovaries. GFP:PAR-1 very efficiently phosphorylates
both N-terminal and C-terminal fragments of BAZ that target of PAR-1 (Figure 3B).
To confirm that the observed kinase activity is duespan the 14-3-3 binding sites (Figures 3A and 3B). Phos-
phorylation of the N-terminal fragment is specific for to PAR-1, and not a coimmunoprecipitating kinase, we
performed kinase assays with MBP:PAR-1 purified fromthe predicted target serine, S151, as it is completely
abolished by mutation of this residue to alanine (Figure bacteria. This recombinant kinase displays the same
specificity for S151 and S1085 (Figure 3C). Thus, PAR-13A). In defining the C-terminal 14-3-3 binding site, we
observed that S1083, S1084, and S1085 are all essential directly phosphorylates BAZ to generate the phospho-
epitopes that are recognized by 14-3-3.for 14-3-3 binding (Figure 2C). However, consistent with
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Figure 4. The PAR-1 Phosphorylation/14-3-3 Binding Sites in BAZ Are Essential for Its Lateral Exclusion in Epithelial Cells
(A–D) Follicular epithelial cell localization of GFP-tagged forms of wild-type BAZ or mutant versions that lack one or more PAR-1 phosphorylation
sites, as indicated in the schematic above each panel.
(E) Follicle cell expressing BAZ:GFP (green) stained for PAR-1 (red).
(F–I) BAZS151A,S1085A:GFP-expressing follicle cells stained (in red) for PAR-1 (F), aPKC (G), DLG (H), and Patj (I). The separated channels are
shown below.
The PAR-1 Phosphorylation/14-3-3 Binding Sites apical and lateral domains (Figure 4E). In contrast,
BAZS151A,S1085A:GFP shows an extensive overlap within BAZ Are Essential for Its Lateral Exclusion
in Epithelial Cells PAR-1 along the lateral cortex (Figure 4F). Moreover,
this nonphosphorylatable BAZ recruits both aPKC andTo investigate the in vivo significance of these biochemi-
cal interactions, we expressed GFP-tagged mutant ver- PAR-6 to the lateral domain, indicating that neither mu-
tation disrupts complex assembly (Figure 4G and datasions of BAZ that lack one or both of the PAR-1 phos-
phorylation/14-3-3 binding sites in the follicular not shown). Thus, S1085 and, to a lesser extent, S151,
are required to restrict the BAZ/PAR-6/aPKC complexepithelium with the GAL4/UAS system. We first used
the CY2 GAL4 driver, which is expressed in a mosaic to the apical membrane domain, and to maintain their
complementary distribution to PAR-1.pattern in the large columnar epithelial cells. As de-
scribed previously, wild-type BAZ:GFP localizes along Although nonphosphorylatable BAZ induces the ec-
topic assembly of the BAZ/PAR-6/aPKC complex alongthe apical cortex, and concentrates at the zonula ad-
herens, although it occasionally extends a short dis- the lateral membrane, this has little effect on other as-
pects of apical-basal polarity. The CRB/SDT/Patj com-tance laterally in cells in which the transgene is strongly
expressed (Figure 4A) (Benton and St Johnston, 2003). plex and H-SPEC are still restricted to the apical do-
main, and the zonula adherens and the septate junctionsIn contrast, the mutant BAZ:GFP proteins are never re-
stricted to this apical membrane domain, and extend are positioned normally (Figures 4H and 4I and data not
shown). The lateral domain also appears unaffected, asalong the entire lateral cortex in most cells (Figures 4B–
4D). Indeed, BAZS151A,S1085A:GFP and BAZS1085A:GFP, which DLG localizes along the lateral membrane—with higher
levels at the septate junctions, as in wild-type cells—andare more strongly mislocalized than BAZS151A:GFP, are
sometimes exclusively found in this lateral domain. overlaps extensively with ectopic BAZS151A,S1085A:GFP
(Figure 4H). As the baz transgenes are only expressedWild-type BAZ and PAR-1 define nonoverlapping
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after the establishment of these epithelial asymmetries, 14%, n  36), and the fusion protein localizes normally
in the majority of mutant cells (clones with aberrantthese observations suggest either that the laterally local-
ized BAZ/PAR-6/aPKC complex is inactive in these localization 8%, n 36) (Figure 5D). This weak pheno-
type is presumably due to the absence of sdt function,cells, or that the apical restriction of the complex is not
required to maintain polarity in postmitotic columnar since the wild-type transgene efficiently rescues baz
mutant defects. In contrast, BAZS151A,S1085A:GFP is signifi-epithelial cells. This latter possibility is consistent with
the observation that ectodermal epithelia remain polar- cantly mislocalized in baz sdt clones, and forms aggre-
gates along the lateral cell cortex (72% clones; n  29).ized in embryos that lack zygotic BAZ, even when mater-
nal BAZ protein is depleted (Tanentzapf and Tepass, Furthermore, these cells lose their epithelial organiza-
tion and form multilayers of cells (66% clones, n  29)2003).
(Figures 5E and 5F). Thus, the apical localization of BAZ
and epithelial polarity depend on S151 and S1085 in theThe PAR-1/14-3-3 Regulatory Sites in BAZ Function
absence of SDT, and vice versa, indicating that lateralRedundantly with Apical-Retention Mechanisms
exclusion by PAR-1/14-3-3 and apical recruitment byThe defects in the localization of BAZS151A,S1085A:GFP
SDT act redundantly to ensure BAZ localization.prompted us to test whether the functional properties
of this protein are also compromised, by assessing its
ability to rescue the polarity defects of baz mutant follicle 14-3-3 Binding Inhibits BAZ Complex Assembly
The results above demonstrate that mutations of S151cell clones. We used the e22c GAL4 line to express
both a UAS:FLP transgene and wild-type or mutant baz and S1085 in BAZ lead to the lateral spreading of the
BAZ/PAR-6/aPKC complex, suggesting that the PAR-transgenes in the follicular stem cells. This allowed us
to generate large clones of baz mutant cells, all of which 1-dependent binding of 14-3-3 to these sites inhibits
complex formation. We investigated the mechanism ofexpress the baz transgene. In the absence of either
transgene, baz mutant cells fail to localize aPKC to the this inhibition by examining the interactions between
the components of the BAZ complex in yeast cells.apical cortex or to assemble the zonula adherens,
and lose their cuboidal morphology and form multi- The S1085 14-3-3 binding site lies close to a con-
served region (CR3) of BAZ/mPar3, which, in mPar3,layers (Figure 5A) (Cox et al., 2001b). As described pre-
viously, wild-type BAZ:GFP fully rescues these pheno- associates with the aPKC catalytic domain (Figure 6A)
(Nagai-Tamai et al., 2002). aPKC phosphorylates a con-types (Figure 5B; Benton and St Johnston, 2003).
BAZS151A,S1085A:GFP also rescues baz mutant clones, indi- served serine (S827) within CR3, and this inhibits its
interaction with mPar3, suggesting that these proteinscating that the interaction of BAZ with 14-3-3 is not
required for its function in epithelial polarization (Figure form a dynamic enzyme-substrate complex that is sta-
ble only when S827 is unphosphorylated. Consistent5C). Surprisingly, however, BAZS151A,S1085A:GFP localizes
normally in the cuboidal epithelial cells of these egg with this, we detect a reproducible, albeit weak, interac-
tion between aPKC and a C-terminal fragment of BAZchambers (Figure 5C). This normal localization is not
due to the absence of endogenous BAZ protein in baz spanning CR3 (BAZ-C), only when the equivalent serine
residue in BAZ (S980) is mutated to alanine (Figure 6C,mutant clones (Figure 5C), as we observe a similar distri-
bution of BAZS151A,S1085A:GFP in wild-type cells in young left half of upper graph). This result suggests that the
BAZ-C bait is phosphorylated in yeast at S980 by theegg chambers (data not shown). Thus, redundant mech-
anisms must exist to localize BAZ apically at these early aPKC prey (or endogenous yeast kinases), and indicate
that the phosphorylation-dependent regulation of thestages when it is required for polarity.
A candidate mechanism that could function in parallel aPKC interaction with BAZ is likely to be conserved. We
assessed the effects of 14-3-3 on this interaction bywith the PAR-1/14-3-3 regulatory sites to localize BAZ is
recruitment by the apical CRB/SDT/Patj complex, since overexpressing 14-3-3 in a yeast three-hybrid assay
(Figure 6B). 14-3-3blocks the interaction between BAZ-this has been shown to participate in the maintenance
of BAZ localization in embryonic epithelia (Bachmann et CS980A and aPKC, and this inhibition is overcome by muta-
tion of the 14-3-3 binding site in BAZ-C (BAZ-CS980A,S1085A).al., 2001; Bilder et al., 2003; Hong et al., 2001; Tanentzapf
and Tepass, 2003). The CRB/SDT/Patj complex has Thus, binding of 14-3-3 to S1085 blocks the ability of
aPKC to associate with BAZ. In fact, BAZ-CS980A,S1085Asome role in the follicular epithelium, as mutant clones
of crb display variable defects in apical-basal polarity interacts with aPKC 30 times more strongly than BAZ-
CS980A, even in the absence of Drosophila 14-3-3 (Figureand tissue morphology, and we have made similar ob-
servations for sdt (Tanentzapf et al., 2000, and data not 6C). The simplest interpretation of this result is that
endogenous yeast 14-3-3 proteins significantly inhibitshown). These phenotypes are significantly milder than
those of baz mutant clones, suggesting that, as in the the BAZ-CS980A/aPKC interaction through association
with BAZ at S1085.embryo, the requirement for CRB/SDT/Patj is partially
redundant. The S151 14-3-3 binding site is located close to a
conserved domain (CR1) that is required for oligomeriza-We therefore performed transgenic rescue experi-
ments in baz sdt double mutant follicle cells clones, in tion of BAZ/mPar3 (Benton and St Johnston, 2003; Mi-
zuno et al., 2003). Overexpression of 14-3-3 is alsowhich the CRB/SDT/Patj complex is also compromised.
In the absence of either transgene, baz sdt mutant cells sufficient to inhibit self-association of BAZ (Figure 6D).
This inhibition is due to the direct binding of 14-3-3 todisplay a similar phenotype to cells lacking only baz
(Bilder et al., 2003, and data not shown), consistent BAZ, as it is abolished by S151A mutations in the BAZ
bait and prey proteins. Thus, 14-3-3 binding to the N-ter-with CRB/SDT/Patj acting principally to localize BAZ. In
clones expressing BAZ:GFP, only mild defects in polar- minal site interferes with the ability of BAZ to self-asso-
ciate.ity are observed (clones with defective morphology 
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Figure 5. The PAR-1/14-3-3 Regulatory Sites in BAZ Function Redundantly with Apical-Retention Mechanisms
(A) baz815-8 follicle cell clone, marked by the loss of nuclear GFP (green), stained for aPKC (red).
(B) baz815-8 clone expressing BAZ:GFP stained for aPKC (red).
(C) baz815-8 clone, expressing BAZS151A,S1085A:GFP stained for aPKC (red).
(D) baz4 sdtXP96 clones, expressing BAZ:GFP, stained for ARM (red); the separated channels are shown below.
(E–F) baz4 sdtXP96 clones, expressing BAZS151A,S1085A:GFP, stained for ARM (red).
PAR-1 Regulation of BAZ in A-P Axis Formation is also detected laterally. However, the fusion protein is
usually excluded from the posterior cortex during stagesPAR-1 and 14-3-3 function together during stages 7–9
of oogenesis to define A-P oocyte polarity, but the BAZ/ 9–10 (68%, n  72) (Figures 7A and 7D). This posterior
exclusion is intriguing, since PAR-1 is localized to aPAR-6/aPKC complex does not appear to be required
for this process (Benton et al., 2002). Nevertheless, immu- crescent at the posterior of the oocyte at these stages,
and BAZ:GFP and PAR-1 therefore occupy complemen-nostainings reveal that the BAZ complex is expressed
during these stages, and concentrates along the anterior tary cortical domains, as they do in epithelial cells (Fig-
ure 7A). To test if the posterior exclusion of BAZ:GFPcortex of the oocyte (data not shown). Similarly,
BAZ:GFP localizes strongly at the oocyte anterior, and is PAR-1-dependent, we expressed the fusion protein
PAR-1/14-3-3 Inhibit Bazooka to Establish Polarity
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in a strong par-1 hypomorphic mutant combination (par-
16323/par-1W3) that allows oocytes to develop to this stage
(Shulman et al., 2000). BAZ:GFP localizes uniformly
around the cortex of the oocyte in these mutant egg
chambers (Figure 7B). The regulation of BAZ:GFP local-
ization by PAR-1 is likely to be direct, as nonphosphor-
ylatable BAZS151A,S1085A:GFP is also uniformly distributed
around the entire cortex of most wild-type oocytes at
this stage (92%, n  52), and completely overlaps with
PAR-1 at the posterior (Figures 7C and 7E). These results
suggest that PAR-1 phosphorylates BAZ:GFP to prevent
its accumulation at the posterior of the oocyte.
The observations above raise the possibility that the
function of PAR-1 and 14-3-3 in polarizing the oocyte
could be mediated by inhibiting BAZ posteriorly. We
therefore examined the phenotypic consequences of
disrupting this regulation. The expression of wild-type
BAZ:GFP has no effect on oocyte polarity, as STAU
localizes normally to the posterior pole in 99% of oo-
cytes (n  66) (Figure 7D). In contrast, equivalent levels
of BAZS151A,S1085A:GFP disrupt STAU localization in about
half of the oocytes, and the protein is found in ectopic
dots or clouds in the center of the oocyte (35%), or is
undetectable (14%) (n  113) (Figure 7E). A very similar
phenotype is observed for osk mRNA, which is also
mislocalized to ectopic dots in the middle of the oocyte
(data not shown). These defects arise from a misorgani-
zation of the microtubule cytoskeleton, as a microtubule
plus end marker, Kinesin:-galactosidase (Kin:-gal),
mislocalizes to a diffuse cloud in the center of the oo-
cyte, rather than the posterior (Figures 7F and 7G) (Clark
et al., 1994). Furthermore, bcd mRNA is no longer re-
stricted to the anterior cortex, but extends laterally (Fig-
ures 7H and 7I). Although milder, these defects are quali-
tatively very similar to the phenotypes of par-1 or 14-3-3
mutants. Together, these observations indicate that
PAR-1 antagonizes BAZ localization and function in the
oocyte, and suggest that ectopic BAZ activity may con-
tribute to the defects in oocyte A-P polarity in par-1 and
14-3-3 mutants.
Discussion
PAR-1 kinases have an essential, widespread role in
cell polarization, and it has been proposed that PAR-1
activity is transduced by 14-3-3 proteins, through their
binding to phosphorylated PAR-1 substrates (Benton et
al., 2002). Our results confirm this hypothesis by demon-
Figure 6. 14-3-3 Binding to BAZ Interferes with Complex Assembly
(A) Schematic of BAZ showing the relative positions of the 14-3-3
binding sites (red), the oligomerization domain (yellow), and the
putative inhibitory aPKC phosphorylation site (green). Below: align-
ment of the minimal aPKC binding fragment of mPar3 (CR3) reveal-
ing conservation with the equivalent region in BAZ and PAR-3.
(B) Yeast three-hybrid interaction assays revealing the inhibitory
effect of 14-3-3 overexpression on the interaction of BAZ-C (amino
acids 903–1156) with aPKC.
(C) Liquid -galactosidase assays of yeast two-hybrid interactions
between mutant versions of BAZ-C (amino acids 903-1464) and
aPKC (top) or 14-3-3 (bottom).
(D) Yeast three-hybrid interaction assays revealing the inhibitory
effect of 14-3-3 overexpression on BAZ self-association.
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Figure 7. PAR-1 Regulation of BAZ during A-P Axis Formation
(A) BAZ:GFP-expressing egg chamber stained for PAR-1 (red). Note the accumulation of BAZ:GFP flanking the posterior crescent of PAR-1
(arrowheads). The green channel is shown to the right.
(B) par-16323/par-1W3 mutant egg chamber expressing BAZ:GFP, stained as in (A).
(C) BAZS151A,S1085A:GFP-expressing egg chamber stained for PAR-1 (red). The green channel is shown to the right.
(D–E) Egg chamber expressing BAZ:GFP (D) or BAZS151A,S1085A:GFP (E) stained for STAU (red). The green channel is shown below.
(F–G) Kin:-gal localization (red) in control (driver only) (F) and BAZS151A,S1085A:GFP-expressing (G) egg chambers.
(H–I) bcd mRNA localization in control (driver only) (H) and BAZS151A,S1085A:GFP-expressing (I) egg chambers. Transgenes were expressed using
the driver mat4-GAL4:VP16 (line V60 in [A]–[E], [H]–[I], and line V32 in [F]–[G]).
(J–K) Model: PAR-1 antagonizes BAZ to establish complementary cortical domains in epithelial cells (J) and the oocyte (K).
strating that PAR-1 directly phosphorylates BAZ at two lishes the mutually exclusive localization of BAZ/PAR-
6/aPKC and PAR-1 in polarized epithelia (Figure 7J).conserved serine residues to generate binding sites for
14-3-3. Several lines of evidence indicate that this regu- This regulatory mechanism is also likely to be relevant
to mammalian epithelia, since the BAZ and PAR-1 homo-lation is important role for cell polarization: (1) Although
BAZ and PAR-1 are normally localized to complemen- logs, mPar3 and EMK1, localize to complementary api-
cal and lateral membrane domains (Bo¨hm et al., 1997;tary apical and lateral domains in epithelial cells, BAZ
is not restricted to the apical membrane in par-1 or 14- Izumi et al., 1998), and both PAR-1 phosphorylation sites
are perfectly conserved in mPar3. Indeed, although3-3 mutants, which results in defects in apical–basal
polarity. (2) Mutant forms of BAZ that lack one or both EMK1 has not yet been shown to be the responsible
kinase, mPar3 is phosphorylated on the equivalent resi-of the PAR-1 phosphorylation/14-3-3 binding sites are
mislocalized along the lateral cortex, recruit PAR-6 and due to S151, and binds 14-3-3 through this site in MDCK
cells (Hurd et al., 2003a).aPKC, and overlap extensively with PAR-1. (3) The bind-
ing of 14-3-3 to BAZ inhibits its oligomerization and
its association with aPKC in yeast, and both of these Regulation of BAZ/PAR-6/aPKC Assembly
by 14-3-3interactions are important for BAZ/mPar3 activity in vivo
(Benton and St Johnston, 2003; Hirose et al., 2002). While mutation of either 14-3-3 binding site in BAZ im-
pairs its localization, S1085 plays the major role in re-Together, these results support a model in which PAR-1
inhibits BAZ/PAR-6/aPKC complex assembly by phos- stricting the localization of BAZ to the apical membrane.
This falls close to the conserved aPKC binding CR3phorylating BAZ to induce 14-3-3 binding, which estab-
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domain, and our results demonstrate that 14-3-3 binding dramatic defects in early epithelial polarization, it is likely
that they have additional targets within these cells.to S1085 inhibits the interaction between aPKC and BAZ.
Although these results suggest a simple model for Genetic analysis has revealed that the localization of
BAZ/PAR-6/aPKC also depends upon the antagonisticrepression of the BAZ complex by 14-3-3, the regulation
is probably more complicated for two reasons. First, we activity of the laterally-localized SCRIB, DLG, and LGL
proteins (Bilder et al., 2003; Tanentzapf and Tepass,have shown that, as in mammals, the association of BAZ
CR3 with aPKC is likely to be negatively regulated by 2003). Since their role is very similar to that of PAR-1,
this raises the question of how these two activities areaPKC phosphorylation, suggesting that the kinase must
be inactive for this interaction to occur. Second, BAZ related. One possibility is that they act in a common
pathway, in which SCRIB/DLG/LGL regulate PAR-1 tocontains another aPKC binding site that spans the sec-
ond and third PDZ domains (Wodarz et al., 2000). Dele- exclude BAZ laterally. This model is consistent with the
observation that nonphosphorylatable BAZ colocalizestion of the CR3 aPKC binding site in mPar3 disrupts
its ability to promote intercellular junction formation in with DLG along the lateral cortex (Figure 4H), which
suggests that exclusion by SCRIB/DLG/LGL requiresepithelia, indicating that the two aPKC interaction sites
are not redundant (Hirose et al., 2002). This raises the the PAR-1 phosphorylation sites in BAZ. If SCRIB/DLG/
LGL do act through PAR-1 to inhibit BAZ, however, theypossibility that aPKC binding to the two alternative sites
might reflect different conformational states of the BAZ/ do not appear to function simply by localizing the kinase,
as PAR-1 can still be recruited to the lateral cortex inPAR-6/aPKC complex. For example, aPKC may initially
bind CR3 through its kinase domain to form a stable lgl and dlg mutant follicle cell clones (R.B. and D. St J.,
unpublished). Alternatively, PAR-1 may function in anenzyme-substrate complex. In this state, aPKC is pre-
sumably inactive, and unable to access other sub- independent pathway to SCRIB/DLG/LGL. This is sup-
ported by the observation that PAR-1 and SCRIB/DLG/strates. Upon activation, aPKC could phosphorylate
BAZ to induce its release from this site, but remain in LGL display very different genetic interactions with the
CRB/SDT/Patj complex. While the sdt phenotype isthe complex by binding to the PDZ domains. It is inter-
esting to note that the pool of mPar3 that is phosphory- strongly enhanced by mutations in the PAR-1 phosphor-
ylation sites in BAZ, mutants in SCRIB, DLG, or LGLlated by aPKC is restricted to the apical tip of cell con-
tacts early in their differentiation, but spreads basally to suppress the epithelial polarity defects of crb and sdt
mutants. This suggests that the regulation of BAZ local-occupy the entire cell junction as these contacts mature
(Hirose et al., 2002). These observations suggest that ization by SCRIB/DLG/LGL is indirect, in part by antago-
nizing the CRB/SDT/Patj complex, whereas PAR-1 actsaPKC-phosphorylated mPar3 is the predominant form
of the protein in mature junctional complexes, and that on BAZ directly. The CRB/SDT/Patj complex and
SCRIB/DLG/LGL are in fact dispensable for the localiza-the unphosphorylated form, which may associate with
aPKC through CR3, represents an initial, but transitory, tion of BAZ, since embryos mutant for any of these
genes form epithelial cysts with relatively normal apical-state of the complex. Thus, the binding of 14-3-3 could
prevent complex formation by blocking the first step in basal polarity at the later stages of embryogenesis
(Bilder et al., 2003; Tanentzapf and Tepass, 2003), andits assembly.
Although 14-3-3 interacts independently with the the lateral exclusion of BAZ by PAR-1 may explain how
this polarity arises.N-terminal and C-terminal sites in BAZ, it has been pro-
posed that 14-3-3 binds cooperatively to multiple sites Whatever the precise relationship between PAR-1 and
SCRIB/DLG/LGL, our results indicate that the apical lo-in the same protein (Yaffe, 2002). Since 14-3-3 also asso-
ciates directly with PAR-1 through a domain distinct calization of BAZ in epithelial cells is subject to at least
two redundant regulatory controls: apical retention byfrom the phosphoserine binding pocket (Benton et al.,
2002), 14-3-3 bound at one site could maintain PAR-1 CRB/SDT/Patj and lateral exclusion by PAR-1. Func-
tional redundancy appears to be a common property ofin a transient complex with BAZ to promote phosphory-
lation (and so 14-3-3 binding) at the other. Furthermore, cell polarization pathways, and probably reflects the
complexity of this process, which must coordinate thethe two sites could be bound by the two monomers of
a single 14-3-3 dimer, and this might reinforce inhibition localization and function of many different cellular com-
ponents. In asymmetrically dividing neuroblasts, for ex-by holding BAZ in an inactive conformation.
ample, the asymmetries of the mitotic spindle and
daughter cell size depend upon the redundant functionsPAR-1 Regulation of BAZ in Epithelial Cells
of two apically localized complexes, BAZ/PAR-6/aPKCWhile lateral exclusion by 14-3-3 and PAR-1 appears to
and Partner of Inscuteable/Gi: mutation of either com-be the principal mechanism that restricts BAZ to the
plex on its own produces little, or no, defects in theseapical domain of columnar follicle cells, this functions
polarities, but simultaneous disruption of both causesredundantly with apical retention by the CRB/SDT/Patj
the divisions to become symmetric (Cai et al., 2003).complex at earlier stages of epithelial development. Nei-
ther loss of SDT nor mutation of the PAR-1 phosphoryla-
tion sites in BAZ causes penetrant defects in BAZ local- The Role of PAR-1 Regulation of BAZ/PAR-3
in the Polarization of Other Cell Typesization or apical-basal polarity on their own. When both
sdt and the phosphorylation sites are mutant, however, The requirement for the CRB/SDT/Patj complex and
SCRIB/DLG/LGL in defining BAZ asymmetry appears toBAZ is no longer restricted to the apical side of most
cells, and the organization of the epithelium is disrupted be specific to epithelia (Bachmann et al., 2001; Hong et
al., 2001; Ohshiro et al., 2000; Peng et al., 2000). Indeed,in a manner very similar to that observed in par-1 or 14-
3-3 mutants. As loss of PAR-1 or 14-3-3 alone produces removal of any of these proteins from the germline pro-
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duces no obvious defects in the initial polarization of plementary distributions in both epithelial cells and the
the oocyte in the germarium, or in A-P axis formation oocyte. The widespread conservation in the localization
at stage 9 (U. Irion, J-R. Huynh, R.B. and D. St J., unpub- and functional properties of these proteins indicates
lished). In contrast, our analysis demonstrates that PAR- that this may represent a fundamental mechanism by
1 and 14-3-3 also regulate BAZ localization in the oocyte which distinct cortical domains, and therefore cell polar-
by excluding it from the posterior cortex at stage 9 ity, are established.
(Figure 7K). Although BAZ does not appear to be re-
quired at this stage, its exclusion from the posterior Experimental Procedures
cortex is important, since expression of nonphospho-
Molecular Biologyrylatable BAZ disrupts oocyte polarity. As the observed
Plasmid constructs were generated by amplification of the desireddefects are very similar to the phenotype of par-1 and
fragments by PCR, which were sequenced and subcloned into ap-14-3-3 mutants, the inhibition of BAZ by PAR-1 and 14-
propriate vectors: pBTM116(Kan), pVP16 (Hollenberg et al., 1995),3-3 may account for at least part of their function in
pGBD-C(1), pGAD-C(1) (James et al., 1996), pJ2701 (Sonoda and
establishing the A-P axis. Wharton, 2001) (yeast two/three-hybrid analysis), pMAL (New En-
BAZ is required with PAR-1 and 14-3-3 to determine gland Biolabs) (bacterial protein expression), pUASp (Rorth, 1998)
oocyte polarity in the germarium (Benton et al., 2002; (Drosophila transgenes). Specific mutations were introduced into
constructs by oligonucleotide-directed mutagenesis. Details can beCox et al., 2001a, 2001b; Huynh et al., 2001a, 2001b).
provided upon request.As in other contexts, BAZ and PAR-1 localize to comple-
mentary anterior and posterior domains within this cell
Drosophila Strains and Genetics(Vaccari and Ephrussi, 2002). Furthermore, the anterior
The mutant alleles and transgenic lines used in this study are de-localization of BAZ requires PAR-1, since it is no longer
scribed in the Supplemental Data (available online at http://www.restricted to this domain in par-1 null clones. Thus, it
cell.com/cgi/content/full/115/6/691/DC1). Transgenic lines of mu-is tempting to speculate that PAR-1 and 14-3-3 also tant UASp:baz:GFP constructs were generated by standard meth-
regulate BAZ localization directly at this stage, although ods, and two to four independent lines were analyzed for each.
difficulties in temporal control of transgene expression Clonal analysis was performed with the FLP/FRT system (Xu and
Rubin, 1993) using nuclear GFP as a clonal marker. baz transgenichave prevented us from testing whether the PAR-1 phos-
rescue experiments were performed as described in Benton and Stphorylation sites in BAZ are required.
Johnston (2003).PAR-3 and PAR-1 occupy similar complementary an-
terior and posterior domains in the C. elegans zygote
Yeast Two-Hybrid Analysis(P0), as well as in cells of the germ cell lineage (P1-P4)
Standard yeast two-hybrid methods were employed, using the LexA(Rose and Kemphues, 1998). Although loss of PAR-1
system (strain L40 [Hollenberg et al., 1995]) and the GAL4 systemdoes not affect the initial removal of the PAR-3/PAR-6/
(strain PJ69-4A [James et al., 1996]), depending upon the experiment
PKC-3 complex from the posterior cortex in response (details can be provided upon request). For liquid -galactosidase
to sperm entry, it causes a defect in the subsequent assays, each bait/prey combination was tested in triplicate, in at
maintenance of this posterior exclusion during the first least two independent experiments. Three-hybrid experiments were
performed in PJ69-4A, by introducing a third plasmid, pJ2701, tocell cycle (Cuenca et al., 2003). Furthermore, about a
overexpress 14-3-3 in the presence of different bait/prey combina-quarter of par-1 mutant embryos also fail to restrict the
tions.PAR-3 complex to the anterior of the P1 cell (Etemad-
Moghadam et al., 1995). Thus, PAR-1 plays a partially
Biochemical Analysisredundant role in excluding the PAR-3 complex from
In vitro binding assays and kinase assays were performed as de-the posterior in both P0 and P1. Mutants in the C. elegans
scribed (Benton et al., 2002; Benton and St Johnston, 2003), using14-3-3 homolog, PAR-5, have an even stronger effect on
bacterially-expressed and purified MBP:fusion proteins.PAR-3 localization, since they block the initial removal of
the PAR-3 complex from the posterior cortex (Morton
Tissue Stainingset al., 2002; Cuenca et al., 2003). We have shown that
Tissue stainings were performed according to standard procedures,PAR-5 binds directly to PAR-3, adjacent to the PKC-3
using the primary antibodies at dilutions listed in the Supplemental
binding site, and this is likely to disrupt binding to PKC-3, Data (see above URL). Texas Red-, FITC-, and Cy5-conjugated sec-
as is the case for the equivalent site in BAZ. This sug- ondary antibodies (Molecular Probes) were used at 1:100. In situ hy-
gests a model in which the cue provided by sperm entry bridizations were performed with RNA probes labeled with Digoxy-
genin-UTP (Boehringer-Mannheim), visualized using -Digoxygeninremoves the PAR-3 complex from the posterior cortex
conjugated to alkaline phosphatase (Boehringer-Mannheim).by triggering the phosphorylation of PAR-3 on S950 to
induce PAR-5 binding, which disrupts the PAR-3/PKC-3
interaction. Although PAR-1 cannot be the only kinase Acknowledgments
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